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DETAILED ACTION 

Claim Objections 

1 . Claim 55 is objected to under 37 CFR 1 .75(c), as being of improper dependent 
form for failing to further limit the subject matter of a previous claim. Applicant is 
required to cancel the claim(s), or amend the claim(s) to place the claim(s) in proper 
dependent form, or rewrite the claim(s) in independent form. As all carbon nanotubes 
are either single-walled or multi-walled, restricting the carbon nanotubes of the 
independent claim to single-walled or multi-walled nanotubes does not further limit the 
previous claim. 

Claim Rejections - 35 USC §112 

2. 35 U.S.C. 101 reads as follows: 

Whoever invents or discovers any new and useful process, machine, manufacture, or composition of 
matter, or any new and useful improvement thereof, may obtain a patent therefor, subject to the 
conditions and requirements of this title. 

3. The following is a quotation of the second paragraph of 35 U.S.C. 1 12: 

The specification shall conclude with one or more claims particularly pointing out and distinctly 
claiming the subject matter which the applicant regards as his invention. 

4. Claim 99 is rejected under 35 U.S.C. 112, second paragraph, as being indefinite 
for failing to particularly point out and distinctly claim the subject matter which applicant 
regards as the invention. 

5. Claim 99 provides for the use of a soluble carbon nanotube, but, since the claim 
does not set forth any steps involved in the method/process, it is unclear what 
method/process applicant is intending to encompass. A claim is indefinite where it 
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merely recites a use without any active, positive steps delimiting how this use is actually 
practiced. 

Claim 99 is rejected under 35 U.S.C. 101 because the claimed recitation of a 
use, without setting forth any steps involved in the process, results in an improper 
definition of a process, i.e., results in a claim which is not a proper process claim under 
35 U.S.C. 101 . See for example Ex parte Dunki, 153 USPQ 678 (Bd.App. 1967) and 
Clinical Products, Ltd. v. Brenner, 255 F. Supp. 131, 149 USPQ 475 (D.D.C. 1966). 
Claim Rejections - 35 USC § 103 

6. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

7. The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1 , 148 
USPQ 459 (1966), that are applied for establishing a background for determining 
obviousness under 35 U.S.C. 103(a) are summarized as follows: 

1 . Determining the scope and contents of the prior art. 

2. Ascertaining the differences between the prior art and the claims at issue. 

3. Resolving the level of ordinary skill in the pertinent art. 

4. Considering objective evidence present in the application indicating 
obviousness or nonobviousness. 

8. This application currently names joint inventors. In considering patentability of 
the claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of 
the various claims was commonly owned at the time any inventions covered therein 
were made absent any evidence to the contrary. Applicant is advised of the obligation 



Application/Control Number: 10/538,300 Page 4 

Art Unit: 1793 

under 37 CFR 1 .56 to point out the inventor and invention dates of each claim that was 
not commonly owned at the time a later invention was made in order for the examiner to 
consider the applicability of 35 U.S.C. 103(c) and potential 35 U.S.C. 102(e), (f) or (g) 
prior art under 35 U.S.C. 103(a). 

9. Claims 53-63, 75-78 and 91 -95 are rejected under 35 U.S.C. 1 03(a) as being 
unpatentable over Haddon et al. (US 6368569) in view of Lavin et al. (US 6426134) and 
Lieber et al. (US 6159742). 

In regard to claims 53-55, 59-60, 76 and 77 , the claims are drawn to a method of 
producing solubilized carbon nanotubes (CNTs) comprising the steps of providing CNTs 
and urea, mixing the CNTs and urea and heating the mixture to initialize a 
polymerization reaction of the isocyanic acid and/or cyanate ion produced by the urea 
that occurs at oxygenated functional groups one the sides and ends of the CNTs. 

Haddon teaches a method of solubilizing CNTs in organic solutions. The method 
comprises a purification step that adds carboxylic acid functionalities to the CNTs and a 
chemical modification step that attaches long aliphatic carbon chains to the CNTs at the 
carboxylic acid functional groups that renders the CNTs soluble in some organic 
solutions (column 3, lines 29-35). Haddon fails to teach that the polymer can be 
polymerized at the same time as the nanotubes are functional ized and that urea can be 
used as a monomer precursor. 

Lavin teaches a method of forming a CNT-polymer composite. The method 
comprises the steps of derivatizing the CNTs with an acid so that at least one carboxylic 
acid group is attached to each CNT, contacting the derivatized CNTs with polymer 
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precursors to form a pre-polymer product and polymerizing the pre-polymer product to 
form a CNT-polymer composite (column 2, lines 1-14). Haddon teaches that the 
polymerization reaction takes place under the pressure and temperature conditions 
necessary for the particular polymer precursors present, including the possible addition 
of a catalyst (column 5, lines 35-40). The use of an isocyanate as a polymer precursor 
is possible when mixed with amine-derivatized CNTs to form a CNT polyurethane 
composite (column 5, line 67 - column 6, line 3). Lavin fails to teach that the isocyanate 
can react directly with the carboxylic acid functional group, or that urea can supply the 
isocyanate. 

Lieber teaches the functionalization of a CNT to produce a tip for scanning probe 
microscopy. Lieber teaches that an isocyanate may be attached to the CNT by linking 
directly to a carboxylic acid group on the end of the CNT (column 4, lines 34-37). 

Applicant admits that urea is commonly used in the art as a source of isocyanic 
acid (page 6 of the specification). 

It would have been obvious to one skilled in the art at the time of the invention 
that the process as taught by Haddon could be modified so that the polymer is formed 
concurrently with the functionalization of the CNTs as taught by Lavin, with the 
polymerization reaction initiated by heating the mixture. Such a modification would be 
motivated by the suggestion in Lavin that temperature can be used to initiate the 
polymerization reaction and the desire to simplify the process as taught by Haddon by 
utilizing less complex raw materials, simple monomers as taught by Lavin as opposed 
to the more complex polymers taught by Haddon. It would have been further obvious 
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that isocyanate could be reacted directly with the carboxylic acid functional group on the 
CNT as taught by Lieber as opposed to with the amine functionalized CNT as taught by 
Lavin. Such a modification would have been motivated by the simplification of the 
process, as Lieber teaches that amine functionalization of the CNTs is not necessary for 
reaction with isocyanates. It would have been obvious to one skilled in the art that urea 
could be utilized as a precursor to the isocyanate (isocyanic acid) taught by Lavin and 
Lieber. This modification would have been motivated by the ready availability of urea, a 
well known source of isocyanic acid. 

In regard to claims 56-58 , it would have been obvious to one skilled in the art at 
the time of the invention to utilize CNTs in the process that have approximately 1 per 
100 carbon atoms in an oxidized state. This result would have been achieved in the 
course of routine optimization of the process as obviated by Haddon, Lavin and Lieber. 
Optimization of the oxidized carbon atom ratio would have occurred because in the 
process the oxidized carbon atoms provide sites for the functionalization of the 
CNTs, and therefore the amount of functionalization, and the properties it imparts, that 
occurs is directly correlated to the number of oxidized carbon atoms. 

In regard to claim 61 , Lavin teaches that the monomer may be supplied in an 
aqueous solution (column 6, lines 56-57). 

In regard to claim 62 , Lavin teaches that the nanotubes may be suspended in 
dimethyl formamide (DMF) after the purification step, but before they are supplied to the 
acid treatment step (column 3, lines 62-65). 
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In regard to claim 63 , it would have been obvious to one skilled in the art at the 
time of the invention that DMF can be heated to a temperature greater than the melting 
point of urea (132.7°C) without decomposing, as the boiling point of DMF is 153°C. 

In regard to claim 75 , it would have been obvious to one skilled in the art at the 
time of the invention that an alcoholic solution could be used to dissolve the modified 
CNTs, as Haddon teaches that the modified CNTs are soluble in organic solvents. 

In regard to claim 78 , it would have been obvious to one skilled in the art at the 
time of the invention that the urea must be heated to its melting point, as it is necessary 
to heat urea to above its melting point to cause it to dissociate and provide isocyanic 
acid. 

In regard to claims 91-95 , it would have been obvious to one skilled in the art at 
the time of the invention that it would necessarily follow that a CNT treated in the 
method obviated by Haddon, Lavin and Lieber would meet the requirements of the 
claims. By utilizing the same method and the same materials, the same product is 
produced. 

10. Claims 64-73, 79, 81-82, 84-90 and 96-98 are rejected under 35 U.S.C. 103(a) 
as being unpatentable over Haddon, Lavin and Lieber as applied to claims 53 and 76 
above, and further in view of Georgakilas etal. (J. Am. Chem. Soc, Vol. 124. No. 5, 
2002, pp 760-761). 

In regard to claims 64 and 81 . Georgakilas teaches a method of functionalizing 
nanotubes by the addition of aldehydes. The method comprises the steps of combining 
excess aldehyde and a modified glycine with CNTs that are suspended in DMF and 
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heating the resulting mixture (p 760, column 1). Functional ized CNTs produced by the 
method are very soluble in water and methanol (p 760, column 1 ). It would have been 
obvious to one skilled in the art at the time of the invention to add an aldehyde 
functionalization as taught by Georgakilas to the method taught by Haddon, Lavin and 
Lieber. Such a modification would have been motivated by the desire to further 
solubilize the CNTs, as Haddon teaches solubility in organic solvents while the method 
taught by Georgakilas is provides CNTs that are further soluble in water. 

In regard to claims 65 and 82 , Georgakilas teaches that after the addition of the 
aldehyde mixture to the CNTs, the mixture is heated to effect the functionalization 
reaction (p 760, column 1). 

In regard to claims 66-69 and 84-87 , the aldehyde used in the method taught by 
Georgakilas is either formaldehyde or 4-methoxybenzaldehyde. It would have been 
obvious to one skilled in the art at the time of the invention that the methoxy group in the 
4-methoxybenzaldehyde is an electron-donating group of the type required by the 
claims that is located in the para-position. 

In regard to claims 70 and 88 , it would have been obvious to one skilled in the art 
to substitute 4-propoxybenzaldehyde for the 4-methoxybenzaldehyde taught by 
Georgakilas. This substitution would have been obvious because methoxy and propoxy 
groups are considered to be obvious variants. 

In regard to claims 71. 72, 89 and 90 . Georgakilas states that the functionalized 
CNTs are highly soluble in methanol. The functionalized nanotubes are separated from 
the reaction solution by centrifugation and filtration (p 761 , reference 21 ). It would have 
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been obvious to one skilled in the art at the time of the invention that Georgakilas must 
have dissolved the functionalized nanotubes in a methanol solution after the 
functionalization process was complete to discover this property. 

In regard to claim 73 , Haddon teaches that a membrane may be used for 
filtration that has a pore size of 0.2 urn (column 4, lines 56-57). 

In regard to claim 79 , Georgakilas teaches that the reactant mixture is heated to 
130°C (p 760, column 1). 

In regard to claims 96-98 , it would have been obvious to one skilled in the art at 
the time of the invention that it would necessarily follow that when utilizing a method as 
obviated by Haddon, Lavin, Lieber and Georgakilas would meet the requirements of the 
claims. By utilizing the same method and the same materials, the same product is 
produced. 

Allowable Subject Matter 

1 1 . Claims 74, 80 and 83 are objected to as being dependent upon a rejected base 
claim, but would be allowable if rewritten in independent form including all of the 
limitations of the base claim and any intervening claims. 

Claim 74 are differs from the prior art in that there is no teaching or suggestion in 
the prior art that an amine reactive compound should be added to the modified carbon 
nanotubes after the polymerization step. 

Claim 80 differs from the prior art in that the closest prior art examples, cited 
previously in this office action, the reactant mixture is heated for long periods of time, at 
the least 90 minutes and in many cases for multiple days. There is no teaching or 
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suggestion that would provide motivation that would lead one skilled in the art to select 
a heating time of 1-60 minutes as required by the claim. 

Claim 83 is distinct from the prior art in that the aldehyde is added after the 
heating step is initiated. There would be no motivation for one skilled in the art to add 
the aldehyde component after the start of the heating process, as the prior art teaches 
the aldehyde is added prior to the heating of the mixture. 

Conclusion 

12. Claims 53-73, 75-79, 81 , 82 and 84-99 are rejected. 

1 3. Claims 74, 80 and 83 are objected to, as they are dependent on a rejected base 
claim. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to KEVIN M. JOHNSON whose telephone number is 
(571)270-3584. The examiner can normally be reached on Monday-Friday 7:30 AM to 
5:00pm. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Jerry Lorengo can be reached on 571-272-1233. The fax phone number for 
the organization where this application or proceeding is assigned is 571-273-8300. 
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Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

/Jerry A Lorengo/ /Kevin M Johnson/ 

Supervisory Patent Examiner, Art Unit 1793 Examiner, Art Unit 1793 



